Background: In patients with lower respiratory tract infections (LRTIs) it is a challenge to identify who should be treated with antibiotics. According to international guidelines, antibiotics should be prescribed to patients with suspected pneumonia while acute bronchitis is considered a viral infection and should, generally, not be treated with antibiotics. Overdiagnosis of pneumonia in patients with LRTIs may lead to antibiotic overprescribing.
Introduction
The main diagnostic challenge for the general practitioner (GP) when facing patients with lower respiratory tract infections (LRTIs) is to identify who should be treated with antibiotics. According to international recommendations on the management of LRTIs, antibiotics should be prescribed to patients with suspected pneumonia while acute bronchitis is considered to be a viral disease and should therefore not be treated with antibiotics. [1] [2] [3] The main factor in the decision about antibiotic treatment is the clinical diagnosis stated by the GP. It is therefore important to know what criteria influence GPs' decisions about diagnoses, which in turn result in predictable therapy choices.
No single symptom or clinical sign is specific for the presence of pneumonia and, based on clinical signs and symptoms, it may be difficult to distinguish between pneumonia and acute bronchitis. Although a normal chest x-ray rules out pneumonia with a high degree of certainty, recommendations discourage x-ray examination See linked editorial by Infantino and Infantino on pg 383
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PRIMARY CARE RESPIRATORY JOURNAL www.thepcrj.org in all patients with cough and fever. The costs are unjustifiably high and patients could be exposed to unnecessary radiation. 3 Thus, in daily practice it is a challenge for the GP to distinguish between pneumonia and acute bronchitis. Uncertainties in the clinical assessment may lead to overdiagnosis of pneumonia and consequently antibiotic overprescribing. Antibiotic overprescribing is an important reason for the rapidly increasing bacterial resistance. [4] [5] [6] Infections caused by resistant bacteria lead to increased mortality, prolonged hospital stay, and increased cost. 7 A cornerstone of efforts to control antibiotic resistance is to improve the quality of the diagnostic process in patients with LRTIs in order to avoid overdiagnosing pneumonia.
The aim of this study was to investigate the prevalence of presumed pneumonia in patients with LRTIs and to compare the symptoms and clinical tests that were of most importance for the GP when choosing a diagnosis of pneumonia rather than acute bronchitis in two countries with different antibiotic prescribing rates (Denmark and Spain).
Methods

Design of study
This cross-sectional study was conducted as part of the EU-funded project Health Alliance for Prudent Prescribing, Yield and Use of Antimicrobial Drugs in the Treatment of Respiratory Tract Infections (HAPPY AUDIT). Details of the project are described in the study protocol. 8 
Study population
In Denmark, GPs provide care for all patients registered with the practice, irrespective of age. In Spain, GPs only provide care for individuals over 15 years of age; health problems in children are covered by paediatricians. We therefore restricted our analysis to individuals aged over 15 years. A total of 20,655 patients with respiratory tract infections were registered, of whom 2,698 (13.1%) were diagnosed either with acute bronchitis or pneumonia. Patients with other respiratory tract infections including influenza and acute exacerbation of chronic obstructive pulmonary disease were excluded. The GPs included patients at the first contact due to the actual infection. Inclusion of patients took place during a three-week period in January 2008. Patients were registered using a prospective selfregistration methodology based on a registration chart completed by the GPs according to the Audit Project Odense method. 9 For each patient the GP registered observed symptoms and signs, presumed diagnosis, and treatment.
Statistical methods
Descriptive statistics are presented as proportions and medians (interquartile range) as appropriate. A multivariable logistic regression model including the diagnostic criteria (i.e. sign, symptoms, diagnostic tests, demographic characteristics, and number of days with symptoms) was used to identify which of these criteria were associated with the diagnosis of pneumonia. To test whether the odds ratios (OR)s differed between Denmark and Spain, we performed a test of interaction, 10 a t test on the difference between the log (OR)s. The data were analysed using Statistical Analysis Software (SAS) Version 9.2.
Results
In Denmark, 47% of the patients with LRTIs were classified with the diagnosis of pneumonia compared with 11% in Spain ( Table 1 ). The baseline characteristics of the patients with pneumonia in the two countries are shown in Table 2 . In both countries the majority were women; the median age in Denmark was 56 years compared with 58 years in Spain. The median number of days with symptoms before the first contact was lower in Spain than in Denmark (4 days vs. 7 days). Figure 1 shows the distribution of symptoms in patients with pneumonia in Denmark and Spain. Symptoms that indicated a serious infection such as fever, dyspnoea, polypnoea, increased or purulent sputum were most frequently found in patients from Spain. On the other hand, symptoms indicating a viral aetiology such as cough and/or rhinorrhoea were more frequently found in Danish patients.
GPs in Denmark used the point of care test C-reactive protein (CRP) as support for the diagnosis of pneumonia in the majority of patients with suspected LRTI. A high CRP (>50mg/L) was found in 67% of patients with pneumonia in Denmark. In Spain the CRP test was almost never used. In contrast, GPs in Spain used x-rays as a support for the diagnosis of pneumonia and 61% of Spanish patients with pneumonia had a positive x-ray. Table 3 shows the factors associated with the diagnosis of pneumonia. In both countries fever was an important symptom with an OR of 3.1 in Denmark and 5.4 in Spain. Symptoms such as cough, rhinorrhoea, sputum colour, or duration of symptoms were not significantly associated with the diagnosis of pneumonia in either country. In Denmark a high CRP (>50mg/L) was positively associated with the diagnosis (OR 2.4) while a CRP level <9mg/L was negatively associated with a diagnosis of pneumonia. In Spain a positive x-ray was of great influence in the diagnosis of pneumonia (OR 1,589.2).
Acute bronchitis 53% (49% to 58%) 89% (88% to 90%) The calculated p values showed that ORs for fever, dyspnoea/polypnoea, CRP, and a positive x-ray were markedly different between Denmark and Spain.
Discussion
Main findings
We found that almost half of Danish patients with LRTIs were classified with a diagnosis of pneumonia compared with only 11% of patients with LRTIs from Spain.
Symptoms indicating a severe bacterial disease were found less frequently in Danish patients with pneumonia than in Spanish patients. On the other hand, symptoms indicating a viral infection were more frequently found in Danish patients.
In both countries fever was the most important symptom for diagnosing pneumonia. In Denmark, there was a significantly increased OR for dyspnoea/polypnoea -another known symptom of pneumonia. 2, 11, 12 None of the other symptoms were significant predictors of pneumonia in Spain or in Denmark. In Denmark a high CRP level was a significant predictor of pneumonia while in Spain a positive x-ray was of most importance in the diagnosis of pneumonia. The ORs for fever, dyspnoea/polypnoea, CRP, and a positive x-ray were markedly different between Denmark and Spain.
Strengths and limitations of the study
GPs participated in an audit during a three-week period in January 2008. The collected data might therefore not represent the diagnostic decisions throughout the year. Ideally, there should be one year of enrolment. However, we do not believe that this would have affected the observed difference in the frequency of pneumonia among patients with LRTIs in Denmark and Spain.
The GPs participated in the study on a voluntary basis, and their diagnostic habits may not represent the average diagnostic methods of all GPs. GPs willing to register their diagnoses may have been more interested in quality development and research than GPs in general. Furthermore, they were willing to dedicate sufficient time to complete patient reports without economic incentives. The amount of time the GPs had to spend on this project could be considered to be a prominent barrier to participation as GPs might find it difficult to dedicate the time in their daily work. However, earlier studies using the same type of data registration did not find it very timeconsuming. 13, 14 Due to the limited time allocated for the registration process, in practice only the typical signs and symptoms of respiratory tract infections according to the medical literature were recorded. This may lead to some limitations in our assessment of factors important for GPs when diagnosing pneumonia.
Before conducting this study we knew that GPs' behaviour with regard to antibiotic use was different between Denmark and Spain. In theory this intrinsic bias could have had an impact on the methodology and interpretation related to the diagnostic classification of patients with LRTIs. However, against our expectations, we found a much higher prevalence of presumed pneumonia in Denmark than in Spain. This is a pragmatic study where registration of patients was performed in a real-life practice setting. Patients were not informed about the project prior to consultations. GPs participating in the audit were not allocated extra time for the consultations and they were not able to make significant changes in their practice activities during the three weeks of registration. Thus, they attended the patients in the way they would have done without participating in the study. It is therefore most likely that our results can be extrapolated to other areas and practices with similar settings.
Interpretation of findings in relation to previously published work
There is no reason to believe that pneumonia occurs more frequently in Denmark than in Spain and, according to international literature, the prevalence of pneumonia in patients with LTRI is between 3% and 20%. 3, 15 In the Happy Audit study the average prevalence of pneumonia among patients with LRTI was 21%. 16 Our results thus indicate a diagnostic misclassification due to overdiagnosis of pneumonia in Danish patients with LRTIs, which has also been found in other studies. 17 Several factors may be responsible for the differences in the diagnostic classification of patients with LRTIs in Denmark and Spain. It is likely to be both a patient-and a physician-driven phenomenon.
The iatrogenic threshold seems to differ between the two countries as Danish patients were seen three days later than Spanish patients. This may be due to discrepancies in national recommendations, different healthcare systems, different treatment traditions, different culture, or different patient expectations.
Fever was the most important symptom for diagnosing pneumonia. This is consistent with previously conducted research. 15 Most of the other symptoms were not significant predictors of pneumonia either in Spain or Denmark. This is probably due to the huge overlap between the symptoms of pneumonia and acute bronchitis. 18 In Denmark the majority of patients in primary care classified with pneumonia were not exposed to a radiological examination before the diagnosis was stated. In most cases the GPs used a CRP point of care test as support for the clinical evaluation to distinguish between acute bronchitis and pneumonia. On the other hand, in Spanish primary care the diagnosis of pneumonia was frequently confirmed by an x-ray examination while CRP testing was not used at all. In previous studies both x-ray and CRP testing have been shown to improve the diagnosis of pneumonia. 19, 20 However, CRP testing has a low validity compared with x-ray for the diagnosis of pneumonia, and there is no agreement about where to set the cut-off point in order to distinguish between acute bronchitis and pneumonia. 21 The diagnostic uncertainty and fear of missing a patient with pneumonia may lead to an overdiagnosis and overtreatment with antibiotics.
The ORs for fever, dyspnoea/polypnoea, CRP, and a positive x-ray were markedly different between Denmark and Spain. Thus, in Spain, fever and a positive x-ray weighted significantly more in the diagnosis of pneumonia than in Denmark. Danish GPs, however, attached more importance to dyspnoea/polypnoea and CRP tests.
Despite a lower proportion of pneumonia in patients with LRTIs, Spain has a high antibiotic consumption. This may be explained by the fact that Spanish GPs prescribe antibiotics for acute bronchitis more often than Danish GPs. In the HAPPY AUDIT study almost 60% of Spanish patients with acute bronchitis were treated with antibiotics compared with approximately 40% in Denmark. 16 Moreover, in Spain it is possible to buy antibiotics without a prescription, which may contribute to a higher consumption of antibiotics in general. However, previous studies have shown that many factors can influence antibiotic prescribing in general practice, including GPs' consultation rates, 22 patients' expectations regarding antibiotics, overestimation of patients' expectations by the GP, and public knowledge about LRTIs and antibiotics. [23] [24] [25] From a theoretical point of view, the decision to treat should be taken after the diagnosis has been established. In general practice, however, the diagnostic procedures and decision to treat are intricately linked. The GP may decide whether or not to prescribe antibiotics at the same time -or even before -ascribing a specific diagnosis to the patient. After making the decision to prescribe, the GP may thus adjust the diagnosis to fit the decision about treatment, leading to diagnostic misclassification and overdiagnosis of pneumonia. 8, 26 Implications for future research, policy, and practice
The high prevalence of pneumonia in Danish patients with LRTI may indicate overdiagnosis of pneumonia which in turn may lead to antibiotic overprescribing. To prevent this potential overdiagnosing and overprescribing of antibiotics, we need valid diagnostic predictors. The clinical interpretation of symptoms related to LRTIs appears to be different between Denmark and Spain. More research is needed to develop internationally agreed prediction rules or clinical tests in order to improve the validity of the diagnostic classification of patients with LRTIs in general practice.
Conclusions
Our results indicate that GPs' diagnostic criteria for diagnosing pneumonia differ substantially between Denmark and Spain. In both countries fever was an important symptom when the GP stated the diagnosis of pneumonia. Except for fever and dyspnoea/polypnoea, none of the other symptoms were significant predictors of pneumonia. The diagnostic tests CRP and x-ray were important predictors for diagnosing pneumonia in Denmark and Spain, respectively. In Spain, fever and a positive x-ray weighted significantly PRIMARY CARE RESPIRATORY JOURNAL www.thepcrj.org more in the diagnosis of pneumonia than in Denmark. Danish GPs, however, attached more importance to dyspnoea/polypnoea and CRP tests. Thus, the observed prevalences of presumed pneumonia may partly be explained by the use of different diagnostic tests.
Almost half the Danish patients with LRTIs were diagnosed with pneumonia compared with only 11% of patients with LRTIs in Spain. The high prevalence of pneumonia among Danish patients with LRTI may indicate overdiagnosis of pneumonia, which in turn may lead to antibiotic overprescribing.
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